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L. INTRODUCTION AND SUMMARY

©ECPe descines e wock o NINDS Coiliact Moo NOENS 25 HE durme the penod May
A pail ol the Neural Prosthesis Program. the broad obiectives of

PAY AT TR SIS RN B R AV
RS Povindodacitial stadies aid fr o oy aluate thie clectrochenyical processes hal oveur |

nitcilace dacing pubsing eghineills characteristic of neural prosthetic

Fivifs iy

coestablish Chiaree tjection lnits ol stimulation: clectrode materiads which

civitie clectioctioniival icactions S o deselop an i varo micthod, wiich can be

deterinting the clectocheniteal teal area and stabilits of imcroclectrodes. 4

Apphicd i e o
desclop dcwnalciials which cail operale ab o hugh stiniulation Charge  densibes Lor
Gicresbidiation. wid S0 o provide clectrocheniical and analytical support tor other rescarety

Goson e Nedtal Prostiiesis Progrant at NINDS

o s reporting penod. fong tenm stabihity stadies o a U NMichigan nibhon-cable probe No.
Gie o oweic contiued Toi over 280 davs The apparent capacitanee of the unactivated sile.
dediabedt Trofn e cuitent at 0Oy vs A ALCT i a 200 mVAs potential sweeps was used ds an
Gohcater b Clectiode stabilite G rcrcase e the capacitance alter 100 days or soaking was

AINCEVe

ol e Jhad o

auests that the

=

e capacilaiod thicrease was miodest trom 05 nb o =25 nkoand su

el it ldtor sedl al s site. is stabie Onoday 217 o the soak test. the electrode was

adsertenidy atowed Lo dy out Fhe apparent capacitance measured subsequently has decreased

Coanent e mibid level Cyvelic voltamimetny indicates that there s a significant amount ot oxide

duection site -2 mC7om at 100 mVys, even though the site was not deliberately

ACH et
analyzing mmpedance  spectroscopy  lor

The methods have been applied 1n

A descripiie b ctiods  og applving  and
vl oactivadad s provided e this report

characterizaimh
detal tooa connncivialty avartable Iy nueroelectrode (BASD 127 um diameter Ir wirer and the

citect ol activation aind clectiode potential on the AC response determined. Preliminary
CompParson with iticrocletrodes Tor neural prosthesis research s also mcluded. The impedance

Seasdreients cant be daiahy zed o deternine mtrsic matertal parameters tor AIROE. such as the

Atusion cocihidicnt tol the Clectioadive spedies



Nicdies of graded Tl pilavers as aincttiod Tod cahaticing adhosion aiid preventing deianunation
Eoro spaticred BoDdines b onenac s aleds continined s guarter Graded tins were sputtered
SN SaDsales Dy dopesiting band B sdnaltancous e ahide steadtly incereasing the 50 rane

PR oot HC sas sl b Pordig thie Tollow i g st taig

sol Doyt o e Lesto0 gy | I 200 73

Fhe ris wore shashed with cpory to ot an clectrode with woivprcad area of 0108002 om

Pa

< sabseguiith activaded i inorganic phiosphate at pH o9 s N dataiied study ot the eftect

POUIL

b dtoy cotnpesition ol aclivalion o was compioted oo gaarnter wind o wsed e develop
Jueibnosibioial pioliios hal opliiniz adbieston ot e \\_‘Iad\“d mtertace crectrodes. intal studies

Hdicaie O sgiiieait duprovement i the sevhuanicd stabtlity o the cleciodes with graded

2 VOLTAMMETRIC STUDIES ON Ir MICROELECTRODES

24 i Vhchigan Ribbon-Cable Probe No. |, Site |

Pies gudiics s continued  studies ofF tie long ermn \ldhllil\ of e sites o o probe with an

prewtated ribbon cabie recenved trom U Nichigan The miegrated vibbon cable wliows tong werm
sonhtizg ~studies withott wiy stractuies otlicr than those tabricated on the water being exposed to
e clectinlivie solition. which ayords the previous problems with electrolvie penctration beneath

e oo ceaciting e contadt pads Prgare 200 1y aodiagrammatic representation ot the probe

suiniberine seheime for the electrode sites

NSRS ¢
— _—/C:; ' - : >
Sie N f 2 3 3 +

Pronre 2 Dragraniinatic representation o sites and site identification on UL Michigan ribbon-

able prabe



\poarcit Capagitaiice Moasuicients  SMeasurctients of the backgiouand restduat currents o sitwe

Mictngan itbon cabie probic Noc o boacre cottintied ties quarter Fest procedures and

Uil e boise Y s b cRcc o Bt al tostiing were dosarhed iy Quiarterin P!‘n;!\‘\\ Report
Nooo T e b tans T dneag s THRN weci doscribed o Qadter s f’!nf_’l‘\‘\\ f\'q‘n\{‘? N und
Bose e s 0 o o ke desdiibed s Quartel s Report Nooo Thes guaner we

conbraeet s thad e biode stadas diig the Toig Werin soaking ;\‘['IHJ front Javs 205 1w
-

Tanie C s e nackgioanid cartent oblained trom the tive studies pertormed this quarter along

AT he sdate fros b crghitocn studieos colrducted during the previous three quarters. Hhe

ANPGRS Capadtat o U ad J00 Y s s plotted i b 200 as o tunction of e s

D liendiiig The cattent ab U ON v Aws AL by the scan tates thius O = QN = v,

PhO apphaicid capaditaiice al hughosweep tates oo bare metal clectrode shoutd be o directly

Sopert o o e teal Clecuochicial surlace arcas A discussed e Quarterly Progress Report
N Hane o wstig 2% L val vl as e proportionadity constant based on diterature
peos tor mcasaicinents oo boware 52 Plos value applies tooan e surtace that s periectdy
croott o bas aroughiiess factor ot Loand the geometrie and real surtace arcas are equal. For
corode wiltn o highicn rodghiness Tactor. a larger proportonality constant must he used to
avicsne gooinchiie ared ol the clectiode Regardless ot the ubsolute value ot the proportionaliy
contsiaie e ncrcased carrent leading wo the higher apparent capacitance between davs 91 and
20 b cei o 2 wonhd indicate aninerease 1o arca o a bare metal electrode. However the

v el stape b e Cvchic voltanimogranis did not change significantly over the soaking period.
e curient ab e sharihy soltage was not anodics and there was no “ult” of the voltammogram,

Amdications of o eak between the metal and msulation Tavers

Formation of onvide would explain the observed mcrease i the current through day 203 because
e B g sPedilie capaditaiice any tines that ot the bare mietal. even for very thin films.
Coucta coitwnicty incasuiciients nade during this tmetrame show that there was a significant

et de ol thie clectrode Onday 2170 the electroivie fevel was found betow the up ol



e Cnnen Cabie probes resalting v dehy diation o e sites The cetl was titled waith fresh 9 1M
PN sonanon b alloss o Lo cquilibrade Bor g Lo das s e Uie hopes that win restdual salts would
Ssscn e w T oeD e il daciiage To e sites Prion o ictesting s the celb was rided with wotresn

sojiiedr b oM RS 5 ol ivadse i tie Apparciil capdeitaiiey o e sile woas \‘Lih\L‘qUL‘H{l}

CENCILUL T Al O Capra e valtues o Closely approsimiate those measured in the st

SOR R s e ~tadlos aned Buas e ol iicreased sith additional \\ld’hillg tite s observaton s
e ol A Ui fatos stidied
Pamic L Cwrent sncasuicinients Tor the scan tale studies onsite Eor U Michigan ribbon-cabie

TOe eS|

fias s ViV N KN i 20 <ty OO 200
o Suidheil Carrent oA

V i - 7 SERDIS V 7('] D B [0 26N 15 s TYS
~ THRE Y 5.8 S S (26
o= i) 12 ey 204 450 Y i34
- ~ o130 124 21N 485 ~3 3 HREN
- S i P2 S 46101 TN 30
! 1 L4x 122 2 164 520 0y
t G [ 2 40 N2 3 127
- G 0 240 RNy s [io) "0
(O 226 §30) SN0 {25 250 63
N () 33 49 ARV {36 246 400
33 416 444 30 P61 276 430
s 0446 SO Nou 151 AN S08
<y U 446 480 %393 I3 332 492
s i th 333 S f04 222 R HS
- =N {453 453 843 |82 30 485
i ey 0610 539 RN 200 A4 ST0
K {4523 33.0 91.A 196 A2 500
~ REE 1. 500 480 200 16X 26X 415
j Y (330 240 120 %80 [52 224
o R (233 |70 0.5 62.0 108 183
| BRI 0 303 230 RERY! 79.0 132 225
oo 246 {20 160 270 X 00 &0 {70
; 127 193 33Q) 69 ) L16 135

Cooorent ot 0N o A A gC LN NGCT measured tron voltamimogram taken in PBS.
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Vit ol A0

e Soaked i Sotution cvday s

Vopaicn capaciiatios of site Don b NcHiigans iihboncable probe Nooear 200 Vs

PO e 20y seabi Tale sTudies

Lo Nvodbainiieny o AAnaly sis i onder o nnminiize larnabion of mdiany osde by
e e el Aoty dabion we ave avoided as it as possible taking site 1ot ribbon Noo 1o

S anodic potentials Aol e mitial scan fate studies done with Ruat the hegimnimg of
b e e ocriod aid D Hie cvchie voltaminiograin nicasurements nade to toflow changes m the
DUGUET L aasiadioe were lnted o poteitials betweens 4 and #0022V vs o AwiAeCE S Durig
SN eapernnenis tie clectiode was held at potentials o e tange of O and =0V v Ag/AgCl
Vot ation o ardians onede requites cveling ot the clectrode bevond certain threshold potential
S s i depend sotiew hat on the clectrolvie and growth conditions (1270 Inour electrolvie
aiotf 0 ne threshold ot the anodie potential Tt would be greater than 0,65V vs o Ag/AgCh

Woo ocapedtes shictelores that thiere should be ides i any . tormaton o aidinm oxide as aresult

ol the crcctocheitneal esting up to 203 day s

As disctssed i Quarterly Report Nod S0 one eyelic voltmmogram was taken on each site on
Ribhon  over the potential range trom 04V o +0.6N vo Ag/AeCl alter 34 days of soaking.
Gioter C% was tahein vin site Datter TR days ot soaking osee tigure 2.5 QPR-6) The 34 day
e asarentents showed that theee was a sinall amount of oxide on some ot the sites. The amount
e s Lrgest ol sitc b and decreased i the order o site Tosie 60 site 2 and site 50 This

Drcresstor s ol i ie vider of the sites tanked by distance trom site 1 but abso the order

con e o s e probe losest o clectrolvie atmosphere mitertace down o the solutton. The



PMCUSUTCIICT i ~He boatter s davs showad aboul 0% norcase i the current attmbuted o

SVHUC b b ciodtiode A sednn i Pigaie 220 the appareiil capaditanee measared at 2000V s
SRCrCasen aBea o bac oy o e o i Hiis potiond

R TENT IO S Y o ahos ad vl voltaimiiogiaiiis which were run i d wider potential
Ao e tee s adeate e chianiges e the atiount b oxade alt S auvs ot \uukmg the
STTRL I e wddiibial taige corverad was frotn b SON o 0 RSN s \g \*’J(" This wider
o ailee preccides inore detaris of the clectiochemistry ot the oxade s Thes quarter. the

ARCT BCECH TG e W as agadti ased ala sweep tate of T00nN ssec to evaluate the oxde films
JAHCT N ey b che soltaliihioglales ol cach site taken between Tiots of 53N gnd 083V

A eATC ok da b esaolid Bies i and day 288 cdashed Tines pare compared cn big 208

Crerosudin T ot e calegorios. cach ol which provides ditferent itormaton dabout the
SEanc Siic s contmaed oo eaiibit resistive beliavior but with o large decrease i the overall
Srrentaenet e O8N also shosns doss THEC and anodic ottset than the P71 day result The OV
CNite 4 N sinidad Characieiistios, and has fost the siall peaks associated with electrochenucal

cactions seen ob das S0 There stll appeais to be a larger arca of site 4 in contact with the

CON s siies 6 Cad S Bisted i order ron ste Totornn another set of CVs wath common
sronerbes O day 171 one ol the foremost features was that the current at 0.0V v Ag/AeCl
ST e e goniig sweep Tor site 6 and site 2 had not changed sinee day 34 mdicatng bude
AV ez acaton ol the seal between the msatation and the T metal For siie 5 the shighty hugher
currens el sl Gie ndicated a shighty poorer. but sull quinte stable. msulator/metal seal.
ACE 2N tavs noacsar e carrent value has change  tor cach of these three sites. Both site 6
AN S e stess o ~dight decrease. whitde site 2 shows an nerease i the current at GOV v,

AU Pae Vs tor sies 6 oand S also show aostgnificant decrease i the electrochemical

PCARS Gt ahondic sweep assodtated with rdium oxide. The voltummogram for site 2 has

Necoine Juite Chited and although it retams electrochenical peaks indicative ot mdium oxide.,

P SHIC hay Do dcZiadiing

1§
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Jdavs ol passive soaking tdashed liney and on day 171 (solid line). Measurements
ade i deacrated PBS ata scan rute of O3V



Lohie ol oS for ~ite b shows a large contiibution: roin iridiun: exude on both day
\ihougli ticic bas becna decicase i the area under the clectrochennedl peaks
st a1 e i cade e cvcdie voltaiinogiain reniais harge balaneed and there
T el it~ dial et ade problenns with the msubator metad seal - The magor

poaks Lane inned shighthy wiodic ol ihose seen onday o0 27V and

ConmoAant L espoctinely Thiose chianges inay s adl be due o the unexpected dehvdration

3 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY
34 Uhverview of Impedance Spectroscopy

Cronncson wain olher tncthiods. ac mnpedinee spedtroscopy s w powertul wehngue tor

Ciodipocheritical sy sterns e response of ane clectrocherical systenr oo ad
s o ot e ticasured T several wavs The classical mipedance bridge approach dispiays
NC oGl Wid cuipal sigiidds stindiancoush onan oscitloscope e the torme ot the: Lissajous plot

G ipedanee o deternined tonn the dimensions ot that Tigure. Modern mstraments

Sonvinbeen g

Hase ~ciin o detectors cPSTH that compare tao sindsondal signais vichding the phase

Crrereroe el el Ui sighals as well as the ratio ol the pedk ampliiudes

[
1

e osradue fechiigue. both e de and ac perturbation are apphied across the cell - between the
Wk aid counter electrodes The expertmental cell consists ot erther three or two clectrodes.
(1 e Hree Clectede aitaigerient. current is passed between the working and counter electrodes”

A ciectecBenicad potential on the working electrode monmtored with @ standard reterence

crectrode ooa s electiode contiguration. the working electrode is coupled with an electrode

WHOSC CHard e isbos approach tiose ot dan deal. non-polarizable clectrode”. The electrochemical

coll s designed o that the working electrode/electrolyie miertace approximates an equipotential

surtace Phe supporting Clecrolvie composition s chosen to mininuze 1R etfects. This wogether

Al appropriate chotce of o large essentially kinencally reversible counter clectrode. allows

Sonsderanic simpiitication ol tie mathematical analy sis ot the impedance charactertstics ol these

P L owter clecirode s pictetably andeadly polarized clectrode. IPE

L dduens sesleitis o SCE with a farge -aica miercury electrode s used typically

-~

12



U TS Phase sciisilinve detection incthiod thei oty deternines the Hl\["cdd!kt‘ ot the \\‘Ul'lxlllg

o Trendte togethicr s The soldtion: between the wotking alid the telerence electrode

By T~ juadtod A et e e d}r[!“\nl“‘)il ol steady stale ac imp‘\xl;u‘;u- Hcdasurements o

e et rdes oo b oot fes s ol actis ation The methods bave been applied o detaid 1o
GOUUINCICha aestalie B Ao roc o trode o8 AN 2T s dnanicter browores and the effect of
ACtie st o e proiviitial on e At Fosporise deiviiined

3.2 Experimentat Set-up tor Iimpedance Spectroscopy

Phe crecriaiies cewed o o alaade iridiui Conade growth weres phospriate-puattered sahine (PBS),
NEN PG N GH P o b2 SENQCT pHE T 2 and sodion mono-Tivdrogen phosphate, 9.5 M

v HPC b The clectiocticniicdl cell e BAS D Broanaly fical »ystenis Lie owas assembled in

CoS ol calbwain ket booclb top The cetl was equipped with a gas bubbler and a targe <D 5 cm

b SPal couiter clodtiode The eleionce cledtiode wasa Nicroclectrode Ine Ag |
voC o C0 Y A G saladed Tronn the inan conpartiment by a salt bridge A potentials are
Ciative o s relcicnoe clodtrode I e l)\')lcl‘llidl of the clectrode s 0196V v the

crnng Dyvapogen crectrode ONHE v and -0 043 N o e saturated calomel clectrode (SCE Y

ctectrodes wested as the sworkning clectode were ar an aridiam disk (BAS T with
ot e cbameter 127 i and clectrochicmical surtace areas tESA A O car . by an ridium
crshoarcr was tabricaied by casting Lo drameter wire mn Bpon resim 8250 cESAY TR9 1 10
S0 A Lctigan Ribbon-Clable Bmory type probe with erght rectangular clectrode sites ol
Aot oo sulacc wea GSA T O T0 T e and BESA of 3 305097 1 10 ci Lo site 8

4

and. oo Hartsgion Medical Research Institute electrode tabnicated from annealed imdium wire
A w S A Y 10 o and BESA of 320010 7y 10 e The electrochemical
surface wrca ob thie clectrodes was deternimed using multi-frequency ovelic voltammetrie and

Shroncamperoiietine mcasarenients top the dittusion controlled reduction ot the ruthenium

HesLtaditnne rons D3 aid fron ac impedainee measurenients i PBS solutions.

Phe cicdiiochemical mstiumentation was an Amel 331 potentiostat modulated by a PART7S

nrcrsas Proegraininer bor carrent medsaremients below the mmmmum sensitivity level ot the



Adies 330 potentiosiat. a BAN Model ME 2200 cartent ainpliticr was ciploved Transients were

CeCtiaed wilh w Basounn Tuioer S T20 nncioprocessor colittolled recorder and stored o oppy

TN N N T ERTINE Pl cloction icinical ool was anside o Paraday cage durng ail the
1

Clecirochcinicdl v asan ciiivnis e et was asseinbled andd the sofutions were JC*U\‘\}_‘CH;HCG

SR Dclone aibiy clevtioc e e al e asarc e ils were pade

Beoovade Tt weic toiined one e aidini cleciiodes Dy applving consecutive sets ot 50

>

NEERINS s poichnad Cvcdes between tived cathiodic and anodic s The potentiad Bronts for
cach ciectron e aie 00N o on Vi PRS and 0 7N 0 0 7N im0 3 MINCHPO L Atter each 50
Svolvs cvebie vollainogiaiis were acquired at scan fate AUm\ s over the potentiad frnts used

conde bortidtiodn The charge associated with e ostdationdreduction of e sartace bims was

Actenned M ilegration ol the voltainiogranms

Coorredaiioe istuientaon was an BFGAG PAR SRS BElectrochemical impedance Svstenm.
fepoaratas cotpiises o Madel 278 PotentiostalzGalvanostat and w Model 3210 Lock-m

npohien § i sesicin operates ander comipater control using PAR Soltware o 2920

DL e rcasurciicnis thie working clectiode was ekt al constant depotential and @ 2mi
grpiinde w simusoidal wonveTormn was apphed The unprocessed data acquired wath the PAR
AN susloi are collected i the Torm ot the real and the mmaginary components ot the voltage and
e current Fae tregaenay fange selected for the measurenients was 0 04 Hz o 100 kHz. The
PAR 4xx svstont uses o Fourier Franstorm oBF T wechiigue for tfrequencies below 5 Hyo Twenny
polent ~ne wases. cach with different trequeney and phase: charactensuies are digitally
seneraied aiid fined. dic apphicd o the electrochemical cell The system software deconvolutes

e respolise site cotnponents Tor cach ol the twenty frequencies

Fhe de potentials selected tor impedance measurements in the electrolvies are histed in Table 3-1.
¥ . | - o N o 2 . 1 - s
Fhe ciectiodes aie hicld at the particalar DO potental tor 30 muinutes to - insure unttorm

comnposibon waint the oxide prior to the mapedance micusurement.



3.3, Results of Impedance Analysis

is

IUTENE TS ANRG RN RO HINY pipcdanoe Jdala i th ulilx;‘r]'\‘\ ]l]u[u', i} g"lni\ R /,,',,,\(i)l AN Z;,;(!):.

Tor e ndie s Gk BAY cledtiode al poteitiads of 00N and U v vy A AeCh and constant

Ui e o ot i e showie e big S b Stnlar Jata tor ATROE at constant de
el o e T rc s v albods hovdls e NN i 1: S

Pl oo i cipdcdadiod data o a Zivedn systen are analy zed by hvpothesizing a plausible
DS c rodet we piadict the dnpedance. Z ooy mathemdtically o or by ousing an empiriead

Cyuiy et st appioach o predict an nnpedance csvmbuolized by Z0 vwn o cither casel the
Aredicled Dadaeicis aie cotnpared with the experimentad impedance Z, e Non Lanear Least
Sctares Pty wechingues NELSES provide the tigh precision iy necessary i these
sprioachios Altough clectochemtcally tormied rtdiam Toside  fas been extensively studied.
S ey Habioi ol Chalge propagation is not diderstood wod aomathematicad deseription tor these
doaesses i diasatlable Gilaraii and Marshall demonstrated |67 that the clectronie conductiviny

Sectrocheniicad vdiods dndiam Coside” changed rom fess thian [0 ohm om - tor the
sk fonrn fe icaden tian 107 ot Do tor thie oaidezed torny Thass oo this premise, the

Heciaitisi o Charge dasport in clectrochennical irdiun Tonides T ois simidar to that me the

dodet Tor the clecrochicinicdl mection ot inctal atoiis o transtion metal oxades derived by

A copaer aind Huggois 71 The process tor ATROE s represented by
Irer o D vve = rOOH !
Process - iy ditended oo be o a representation ol the redox process and s obvioushvoun

cversinpnboation  Hhe expertmental impedance data reported here however, tor the rdium
sxide and preticd i the complex plane exhibit features similar to those predicted by the
Huggins miodes The igh trequeney semicirele may be related to the parallel combimation ot the
SOUNIC faver capaditanioe C ool the substrate. and charge transter resistance. Ry of process T as
SHown e equinadent circuil aind corresponding adedl response shown in Figs. 3-3 and 34,
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4 FLECTRODES WITH GRADED Ti-Ir INTERFACES

Csious gualicn s begdadi stadicos ol fabiicalion proceduies o parnit stimufation at ngh

mebine al i thods Tar cihancting the adbiesion and mechanicad stabiiay of

CHOCE AL cnalvinag s ot oo coliduc v e substiates. The work Tocused on Ti-1e clectrodes

N D S AN L S O N N A

aned cotpositionally sraded nerfaces The compositionad grading s

Ntended e v e iontation ol ATROB should e e clecirode de entirehy consumed m the

Ao Process A abiservad presioasiv o rQuaiterly Report No the ancreuse i volume

aten b is ciectrodhicisic al iy activated to torm ATROE cai be wt least o tactor of siv The stram

ASSOCETAICG W T Ty sodudle CHddige antiol be avconniodated al adisarete Di-Ie mtertace and the

VIRCH deiaininat

shadios coitipaicd disciete and 2raded mertace electrodes by evaiuating changes i evelie

cltarbiner oy Dotcntial palsing betwecn Tinits designed to deliberately overactvae the b

of npros cd adhesion was obtained trom o lactor of 3 ancrease th the namber of

dscs requiadd e detaniiate 2raded intertace ATROE and trom EDS compostional anadvsis of

NIRRT S RITO RN

Fho rosalis were ot concasive, howesers and Auger depth protiling showed

wodt ol the 2iadcd et tace was inuch narower than mended. In the current reporting

wrieal woscries cf il wlos s were prepared by sputtering and thenr actuvation evaluated. wuth the

iy

ectinve el al feast qualitatively - determiming the activation voloane change as a function of

alica composition Frond these data and o nore detarled knowledge ot the T and I depositiion

Flies . nore optiniZzed graded mtertace clectrode 1s bemg developed

4.1. Preparation of Ti-Ir Bilaver and Alloy Films

Phe oana Broare deposited by DO sputtenng using o multitarget apparatus that alfows near-

stmuttancous sputtering from mdependenthy controllable sputiering guns. The apparatus was

described i YPR NG Attoy tilms are obtaimed by co-sputtering trom pure Ir and 11 targets.

Phe composiion ol the Tilims s controlled by adjusting the power to the sputiering guns and
cotating e substrates ander the targets at a satnicrently high rate that o homogencous film s

Sormad Compositioiddly graded Frolrmtertaces are obtamed by mcrementing and decrementing

A TURRETRACU SN

e ndividual sputter zans durimg deposition while mamtaming a constant total
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Cfiee sestoaots Lhe ratos e tosd o Hcad ovdd e 23 100w alt power ranee investizated. The
CIUes il 0 e ke s as osbinialed Tronin e Jdeposition: rates usig e assuinption that
GG s D o osiicd ab i bulk o inctad densitios Using constant power controt during
PG fe L Acpailabe Tiodn the colistail curient inode used tor the previous Troand I
depesceons COPRONG 0 The iclationship hetween sputtering powetr and Tl thickness for the
AREH appeais SHgBis ihodic Hcad U sputlering curtent versas G thickness. The
ORGSR TS SPGlCTTRG LRl and fai et soltages aie very siilar tor these modes and

Contereniod o propertios s ovpected e deposition conditions are detatled motabie 4
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it b thest Dotk deinsaties
Vel ool Las ot s abios Tl ok iiess invasuied witli o Dehtah surtace protiometes

stlcrecn D e st taiy HiC adhoest Taver thivhrioss Troiee the totad fihn tickness

icnsiess b e indicidoal Teoand B tiinis The difterence beconies miore pronounced with
Gores b concentation ar the altoy mdicating o higher molar volume tor the allovs. Xeray
Cac ot e o0t I i shoseed aostrong oL preterred cnystallographie onentation. he
e f s i aise cinvstalbine with dittraction spectra sundar o the T00% Iy fdm and no clear

Heicaien o b tortiation ol any of the phases methe e i bmary . such as e T o-IrTe o Fede

A

1.2, Electrochemcal lTest Protocol

Moy ciecrodes witl an area of 001002 e owere made by maskimg an - approximately
Stebiar arca of the sputiered Tms with cpoxy A guanutative measure of the arca was then

Diaacd using o digital caiicra with image analysis sottware. The electrodes were activated by

Sl o N NG HPO  pEHE 9 20 usimg L Hz square pulses (0053 s at each potential it
Aelaccn Nt 0 S os SCE O Cvehie voltawmograties were taken pertodically - during



Gt alion sy a S0 s adizila was clonn betwectt the activation potentiad fimits. The
CHGEZC Srorade capnac ity S0 an e ATROE was incasuied by mieyrating the cathodic or anodie

CLETURE chng vach hiadb o osche od dhe O0% e clocirols e was asod swiathiou! -\ sparging and

4.3 Actvation of Tile Allovs

THC Ctanse apaccds as a bdnicton ol e namber of activation pulses s shownon bree 3.2 tor the
Do Ene o T allos s achivate tooacattiodic OSC o 0N mC/om atter S.000 palses as
St o boatios bod oo b concentiations, e CSC decreased. with ondy very shight
WL b i el SO0 palses mo e 35 0 e alloy and nosactivation i the 2% b allov

Cer e cate s s o ac Uy abion were obtatmed with the 45 S0 and 56 7 atlovs
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Froure 4 2 Cahodic chiarge storage capacity ol Tile allovs toflowing pulsing in 0.3 M

N HPO L ot B hetween imits ol 008 and 0753 V os SCE.

o vottammoyiais ol the alovs atter 3000 activation pulses are shown i g 4-3 The
e O whoas e cvideiiee o activation aiiwd is stnlar o that obtained with 100% Ty films.

G~ due prinaiily oo doubte faver charging with o shight indication ot hydrogen
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adsornton at e tegative poteitia bt e st indication o the e 7™ redox coupie is
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O\ Tronn e peaks al O Y and 0 8N o8 SCE S The tugher Ir content also

[SANEERE S § S N N G

e the Beadiogen adsorpiion weaction A 4300 o the OV aequares the
T sy TR Sl Prioiloudiced Bl redos maves al 0 0N anad 033/04% vl

~t o a0l i altoy s st guite fow s o4 md e and hvdrogen

AUIS O e s T

G o LGS alCoappdrenl at potentials inore negative than -0 25 v SCES The

St e aet v aees oacalbiodic SO O T2 mCacnr he prinany cathodic and anodie e /e

FUC PeaRs vt al 0 ES Y wd 007N ws SCE D respecuively The shight pegative and postiive

Sspracenients o e atiodie and anodic peaksscompared with thie 455 e time are probably due

o reased RO cHects i tie dickei onade Taver T he cathodic OSC af the 79% and 100% Ty
s were sitilar - L0 s oo For cotparisonn the OV s ot the pulsed aliovs are compared

PULa o e saliic CUlTent density sl

Haitis are fow being exantned by SEM i an ettort to deternumne the volume change

G aabien ot e Dl allovs The thickness of the ATROE bs bemng measured i two ways, i

PO PR i

s D actated to the point Uiat delanination oceurs the AIROE tilne i collected

e ctedtialvie and dried T then strarghttorsw ard o obtain a thickness i the SEM For

RN S S

~hdl Jdo ot dehanimate. the actiy ated clectrodes are tractured and examimned in Ccross-
s i

v combinalion of secondan and backscatier imtages are used moan etfort 1o ditferentiate

actween the ATROP and the antcacted I Ininal results indicate that allovs with greater than ~70

Lo E et aie will a volunie mercase ol 60w hile hitde or no activation can be observed for allovs

Wi oss car He o The composition frange over which Tilr miertace should be graded s
reretoae et

5. FUTURE WORK

Ve devticd dinddvsis ol activation protocols iy planned for the succeeding quarter. We are

Sure

Coaluatiiy the ctect ot pulse duraton. potential limits and electrolvte +PBS or 0.3M

NaCHPC o the activaton o Ir and using oyvehie voltammetry and mmpedance spectroscopy 1o

Characiorze e ATROE Atoniic toree microscopy is also bemng used to characterize the surface

Sl MROE o desclop o quanttative micastre ol sarface roughness and provide  general

foapecraphiicat S Toihdb i
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